Abstract: Considerable debate surrounds the inclusion of schizoaffective disorder in psychiatric nosology. Schizoaffective disorder may be a variant of schizophrenia in which mood symptoms are unusually prominent but not unusual in type. This condition may instead refl ect a severe form of either major depressive or bipolar disorder in which episode-related psychotic symptoms fail to remit completely between mood episodes. Alternatively, schizoaffective disorder may refl ect the co-occurrence of two relatively common psychiatric illnesses, schizophrenia and a mood disorder (major depressive or bipolar disorder). Each of these formulations of schizoaffective disorder presents nosological challenges because the signs and symptoms of this condition cross conventional categorical diagnostic boundaries between psychotic disorders and mood disorders. The study, evaluation, and treatment of persons presently diagnosed with schizoaffective may be more usefully informed by a dimensional approach. It is in this context that this article reviews and contrasts the categorical and dimensional approaches to its description, neurobiology, and treatment. Based on this review, an argument for the study and treatment of this condition using a dimensional approach is offered.
Introduction
Schizoaffective disorder is characterized by persistent psychosis (eg, hallucinations, delusions) and mood episodes of depressive, manic, and/or mixed types. Although the DSM-based classifi cation of psychiatric disorders identifi es schizoaffective disorder as a specifi c clinical diagnosis, there remains a lack of consensus regarding both the conceptual and clinical aspects of this condition. It is possible that schizoaffective disorder simply refl ects the co-occurrence of two relatively common psychiatric illnesses, schizophrenia and a mood disorder (major depressive disorder or bipolar disorder), and therefore merits no unique identifi cation in psychiatric nosology. Alternatively, schizoaffective disorder may be a variant of schizophrenia in which mood symptoms (ie, sadness, euphoria, irritability) are more prominent and severe than usual but not inherently unusual in type. Conversely, this condition may refl ect severe forms of major depressive or bipolar disorders in which episode-related psychotic symptoms fail to remit completely between mood episodes (Marneros et al 1990 (Marneros et al , 1991 Dell'Osso et al 1993) .
Such debates refl ect a categorical approach to the classifi cation of mental illness: in other words, an approach that requires the organization of clinical conditions into distinct categories (ie, Axis I vs Axis II, psychotic disorder vs mood disorder, schizophrenia vs schizoaffective disorder vs bipolar disorder, etc.). Although research efforts based on this approach require categorical distinctions between conditions under study, common clinical experience suggests that the psychiatric conditions with which many patients present do not conform completely, and sometimes not at all, to categorical diagnoses.
An alternate approach to the study and treatment of psychiatric disturbances is to view psychiatric symptoms as disturbances within dimensions of neurobehavioral function. Perceptual processing and interpretation (ie, hallucinations and delusions) are dimensions of neurobehavioral function in which impairments are expressed to greater or lesser degrees among persons with a variety of neuropsychiatric conditions (Liddle et al 2006; Maier 2006) . A dimensional approach to psychiatric diagnosis regards schizophrenia in its canonical form as a condition at the severely disordered end of the perception and information interpretation continuum and at the normal end of the emotional regulation continuum, bipolar disorder as the converse of schizophrenia in these regards, and schizoaffective disorder as a condition refl ecting severe disturbances in all of these dimensions of neurobehavioral function.
Both categorical and dimensional approaches to the study and treatment of schizoaffective disorder are represented in the psychiatric literature, making diffi cult the development of a clear clinical and neurobiological framework within which to consider this condition. In this article, we review clinical and neurobiological studies of schizoaffective disorder for the purpose of determining whether a categorical approach to psychiatric diagnosis provides a useful heuristic for the study and treatment of this condition. Evidence both supporting and challenging this approach is considered. Sources of data for this review were derived from a PubMed-based literature search, the criteria for which included fi rst all articles with the MeSH heading of schizoaffective disorder and then containing keywords relevant to the sections into which this article is organized: epidemiology, including incidence and prevalence, age of onset, gender, clinical presentation, and natural history; neurobiology, including neuropsychological fi ndings, neuroimaging, electrophysiology, neuroendocrine, neurochemical, and genetic features; and treatment. The section on treatment was limited to randomized controlled clinical trials (RCTs), metanalyses of clinical trials, and review articles in which schizoaffective disorder was a focus of treatment or in which persons with schizoaffective disorder represented a nontrivial number of study subjects. Where previously published reviews in reference textbooks or in the DSM-IV-TR suffi ced for the purposes of brevity, these sources were used and are cited.
Based on this review, we argue that a dimensional approach to the study and treatment of persons with persistent psychosis and episodic mood disturbances (ie, schizoaffective disorder in categorical diagnostic parlance) affords a more useful framework within which to study and treat persons with this condition. We argue further that neurogenetic studies will be particularly informative when a dimensional approach to the study and treatment of schizoaffective disorder is applied.
Historical considerations
The term "schizoaffective psychosis" was coined by Jacob Kasanin in 1933 (Kasanin 1994 , who recognized in some patients the co-occurrence of symptoms suggesting both schizophrenia and mood (or, in the nosology of his era, "affective") disorders. Kasanin described persons with this condition as experiencing relatively good pre-illness psychosocial adjustment, an abrupt emotional presentation, less social withdrawal or passivity, a shorter course of illness, and relatively good recovery when compared to persons with schizophrenia. Consistent with this formulation, the fi rst (1952) and second (1968) editions of the Diagnostic and Statistical Manual of Mental Disorders (DSM) regarded schizoaffective disorder as a subtype of schizophrenia (see review in Wilson 1993) . Although the fundamental concept of schizoaffective disorder as a psychotic disorder was maintained in DSM-III, this condition was separated from schizophrenia and instead assigned to the category "psychotic disorder not otherwise classifi ed." Importantly, none of these classifi cation systems offered criteria specifically for schizoaffective disorder. During this time, some reports also began describing this condition as more similar to the mood disorders than to schizophrenia (Adler and Strakowski 2003; Strakowski et al 2003) . Not surprisingly, more than 24 (ostensibly) different defi nitions of schizoaffective disorder were developed in the years that followed (Winokur et al 1996) .
The research diagnostic criteria (RDC) (Spitzer et al 1978) made one of the fi rst attempts to distinguish schizoaffective disorder from psychotic mood disorders; these criteria required not only the co-occurrence of psychotic and mood symptoms but also the persistence of psychotic symptoms for at least 1 week in the absence of prominent mood symptoms. Two diagnostic sub-groups were described on the basis of the quality of the most prominent types of mood symptoms: schizoaffective mania or schizoaffective depression. This left clinicians with the sometimes daunting task of deciding whether mood symptoms had resolved suffi ciently to merit a diagnosis of schizoaffective disorder or instead whether their persistence, even if in partial form, instead merited a diagnosis of an incompletely resolved psychotic mood disorder. This approach to the diagnosis of schizoaffective disorder permitted a liberal assignment of schizoaffective disorder where it met the research needs of investigators, and complicated the literature regarding this condition more than would application of stricter diagnostic criteria (Berner and Simhandl 1983) .
An attempt to address this problem was made in the DSM-III-R (1987) (APA et al 1987) , in which the diagnosis of schizoaffective disorder required the persistence of psychotic symptoms for at least two weeks beyond the resolution of mood symptoms. Marneros and colleagues (1989a) further suggested that a diagnosis of schizoaffective disorder be assigned only when the mood symptoms are overtly melancholic or manic. The intent of that suggestion appears to have been to dissuade clinicians from assigning a schizoaffective disorder diagnosis rather than schizophrenia solely on the basis of prominent but relatively minor depressive symptoms or euphoria. Beyond these refi nements, however, the diagnostic criteria for schizoaffective disorder offered in subsequent editions of the DSM remain largely unchanged (Frances et al 1995) .
Phenomenonology of schizoaffective disorder
As noted in the preceding section, the DSM-IV-TR applies a categorical approach to the diagnosis of schizoaffective disorder, and then defi nes this condition according two the two major dimensions of neurobehavioral function it affects: thought (information processing) and mood (emotional regulation). The disturbance of thought must include two (or more) of the 'A' schizophrenia symptoms for a signifi cant portion of time during a 1-month period (or less if successfully treated). The A symptoms include delusions, hallucinations, disorganized speech and grossly disorganized or catatonic behavior. The mood disorder may include episodes that meet diagnostic criteria for a major depressive episode (which must include depressed mood), manic episode, or mixed episode. The symptoms that meet criteria for a mood episode are present for a substantial portion of the total duration of the active and residual periods of the illness. As noted above, schizoaffective disorder is further divided into two subtypes based on the type of mood episodes with which the patient presents: bipolar or depressed. As an additional criterion, the DSM-IV states that during the period of illness there must be delusions or hallucinations for at least 2 weeks in the absence of prominent mood symptoms. Lastly, the symptoms meeting criteria for schizoaffective disorder may not be due to the direct physiological effects of a substance (eg, a drug of abuse, a medication) or a general medical condition.
In light of the substantial heterogeneity in the types of information processing and emotional regulation disturbances observed among persons with schizoaffective disorder, its status as a specifi c diagnostic category is dubious, at best. We suggest that it is simpler, and probably less confusing, to note fi rst that some patients experience clinically substantial disturbances in both of these domains of neurobehavioral function and to describe thereafter those disturbances carefully. This dimensional approach would avoid the categorization of patients into mood disorders with psychotic features, schizophrenic disorders with minor mood disturbances, and schizoaffective disorder based on symptoms that are present at some point and to some degree in all of these conditions. However, some authors have argued that subtle differences in clinical symptoms may distinguish between persons with schizoaffective disorder, schizophrenia, and bipolar disorder. For example, it has been reported that delusions at fi rst presentation are more frequent among persons with schizophrenia and schizoaffective disorder than among persons with bipolar disorder, whereas hallucinations are more common among persons with schizophrenia than among those with schizoaffective or bipolar disorders (Whaley 2002) . Shenton and colleagues (1987) report that manic schizoaffective disorder patient tend to lack the humor and playfulness of manic bipolar patients, and are similar to schizophrenic patients in terms of idiosyncratic verbalizations, autistic thinking and confusion (Shenton et al 1987) . By contrast, Pini and colleagues (2004) observed no differences in the frequency of specifi c types of delusions and hallucinations between subjects with schizophrenia, schizoaffective disorder, psychotic mania and psychotic mixed mania, and argued that in clinical practice such subtle distinctions in clinical symptoms rarely clarify diagnosis along categorical boundaries (Pini et al 2004) . Again, the lack of clear and consistent phenomenological distinctions between these conditions argues against the usefulness of a categorical diagnostic approach to schizoaffective disorder.
In fact, persons with schizoaffective disorder (as well as schizophrenia and psychotic mood disorders) often experience dysfunction in other neurobehavioral domains of function. In a psychiatric nosology that relies on categorical distinctions, dysfunction in other neurobehavioral domains may require the assignment of additional clinical diagnoses. For example, Byerly and colleagues (2004, 2005) observed that of 100 men with a diagnosis of schizophrenia or schizoaffective disorder, 30% have obsessive-compulsive symptoms. Strauss and colleagues (2006) found that in 165 male patients with schizophrenia or schizoaffective disorder nearly 50% experienced symptoms consistent with a diagnosis of posttraumatic stress disorder (PTSD), and that the presence of such symptoms was associated with a higher risk of suicidality. These observations are useful in that they identify other neurobehavioral dimensions (eg, stereotypies or ritualistic behaviors in the case of obsessive-compulsive disorder and anxiety and/or trauma-related symptoms in the case of PTSD) that also may be affected by the neurobiological process producing the phenomenology schizoaffective disorder. However, when the presence of such symptoms entails the assignment of additional diagnoses, as is the case in a categorical diagnostic nosology, it violates the rule of parsimony: if obsessive-compulsive symptomatology is present in nearly a third of persons with schizoaffective disorder and posttraumatic stress disorder symptoms are present in nearly half of persons with schizophrenia and schizoaffective disorder, the utility of identifying such symptoms by diagnoses separate from the primary clinical condition with which the patient presents (ie, schizoaffective disorder) is questionable. Alternatively, and perhaps more usefully, such observations may suggest the propensity of the underlying neurobiology to be expressed across multiple dimensions of neurobehavioral function.
Natural history of schizoaffective disorder
Differences in the natural history of schizophrenia, bipolar disorder, and schizoaffective disorder are among the features often purported to facilitate distinctions between these conditions. However, the lack of diagnostic reliability and stability -particularly in the case of schizoaffective disorder -presents a serious challenge to such arguments. For example, Maj and colleagues (2000) independently interviewed 150 patients using two psychiatrist diagnosticians and reviewed reliability for individual elements of the DSM-IV criteria for schizoaffective and mood disorder diagnosis. They report lower inter-rater reliability scores for schizoaffective disorder when compared with those for manic and depressive diagnoses. Vollmer-Larsen and colleagues (2006) re-evaluated hospital records and discharge summaries of 59 patients with hospital discharge diagnoses of schizoaffective disorder and found that using an operational criteria checklist, none of the patients fulfi lled lifetime diagnostic criteria for schizoaffective disorder and only six patients met possible ICD-10 criteria for schizoaffective disorder. They argued for a moratorium on the use of schizoaffective disorder as a psychiatric diagnosis on the basis of its poor stability over time.
Similarly, Schwartz and colleagues (2000) report relatively high stability of diagnosis at re-evaluation 6-and 24-months later among persons with schizophrenia (92%), bipolar disorder (83%), and major depression (74%), and relatively poor stability of diagnosis among persons with psychosis not otherwise specifi ed (44%), schizoaffective disorder (36%), and brief psychotic disorder (27%). In cases where diagnostic reassignment at 24-months was required, the most frequent shift was to a schizophrenia-spectrum disorder. A similar point is made by Whaley (2002) in a retrospective case review investigating the presenting features schizoaffective disorder at initial evaluation and the effect of those features on diagnosis. They observed that patients whose index episode is depressive are more likely to receive a bipolar diagnosis whereas those whose index episode is manic are more likely to receive a diagnosis of schizoaffective or a bipolar disorder. In other words, the clinical features of the presenting episode infl uence assignment of diagnosis despite the absence of the longitudinal data required to make substantiate such diagnoses.
The relative lack of stability and reliability of diagnosis infl uence other elements of schizoaffective disorder, including ascertainment of outcome and prognosis. Some studies suggest that the symptomatic and long-term function of persons with schizoaffective disorder is similar to that associated with schizophrenia (Tsuang and Coryell 1993; Harrow et al 2000; Benabarre et al 2001) . Other studies suggest a better symptomatic and functional outcome of schizoaffective disorder when compared to schizophrenia and an outcome similar to that of mood disorders (Marneros et al 1989b; Tohen et al 2000) . Still others suggest that the outcome of persons with schizoaffective disorder is better than that of those with schizophrenia but worse than those with mood disorders (Benabarre et al 2001; AyusoGutierrez 1990, 1992) .
These often contradictory observations leave entirely uncertain the natural history of schizoaffective disorder. Given that schizoaffective disorder refl ects the occurrence of variable degrees of dysfunction along dimensions of neurobehavioral function prominently disturbed in schizophrenia and also in mood disorders, it is not surprising that such contradictions in ascertainment of outcome are observed. Variations in the dimensions of neurobehavioral function emphasized in the assignment of a schizoaffective disorder diagnosis (ie, information processing, emotional regulation, or both) would predictably vary in the manner in which they compare to patients whose illness refl ect relatively "pure" disturbances in only one of these dimensions. As suggested Is schizoaffective disorder a distinct clinical condition?
by Vollmer-Larsen and colleagues (2006), a categorical diagnosis of schizoaffective disorder will produce problems in the study of outcomes among persons assigned this diagnosis. By contrast, a dimensional approach -one that emphasizes the type and severity of disturbances in specifi c domains of neurobehavioral function -may permit a more useful tracking of outcome, particularly as regard to the effects of dysfunction in information processing and emotional regulation on the ability of patients to meet the challenges of everyday life.
Epidemiology

Incidence and prevalence
Although the DSM-IV-TR states without citation that the prevalence of schizoaffective disorder is less than of schizophrenia, there are at present few data on which to base fi rm estimates of the prevalence of schizoaffective disorder. Scully (2004) and Marneros (2003) offer data suggesting that the lifetime prevalence of schizoaffective disorder ranges between 0.2%-1.1% (Zarate et al 1997; Marneros 2003; Scully et al 2004) report a higher frequency (9%) of schizoaffective disorder among hospitalized psychiatric inpatients. In a more recent Spanish study of 138 outpatients, nearly identical rates of schizoaffective disorder and schizophrenia are reported; each of which was slightly half as common as bipolar disorder (type I) (Benabarre et al 2001) .
Schizoaffective disorder appears to be rare among psychotic children (Werry et al 1991) . The diagnosis of schizoaffective disorder among younger persons may be more challenging than among adults. Relative diffi culty arriving at this diagnosis may be a function of greater uncertainty compared with adults regarding symptoms and diagnostic stability over time (McClellan and McCurry 1999; Hollis 2000) . In addition, co-morbidity of intellectual disabilities (Friedlander and Donnelly 2004) and potential issues with substances of abuse and/or medications in this age range (Malla et al 2000) may complicate the diagnosis and consequently identify the incidence and prevalence.
The limited literature on prevalence and incidence suggests that schizoaffective disorder, at its most frequent, is as prevalent as schizophrenia and less common than bipolar disorder. When diagnostic stability is entered into estimates regarding the prevalence of schizoaffective disorder, it appears that schizoaffective disorder is less common than bipolar disorder or schizophrenia. As noted in the preceding sections of this article, the wide range of estimates of prevalence of schizoaffective disorder should prompt concerns regarding the methods by which this diagnosis is ascertained. In studies emphasizing disturbances along the information processing dimension, the estimated prevalence of schizoaffective disorder would be expected to be similar to that of schizophrenia but less than that of bipolar disorder. Conversely, if severe disturbances along both information processing and emotional regulation are emphasized in categorical diagnosis, then schizoaffective disorder would be expected to be less common than both schizophrenia and bipolar disorder. Co-morbidity of schizophrenia and bipolar disorder appears to yield estimates of the prevalence of schizoaffective disorder reported to date: if co-morbidity explained the diagnosis of schizoaffective disorder, then its prevalence should be the product of that for schizophrenia multiplied by that of bipolar disorder with psychosis and/or psychotic depression (ie, a very low prevalence, and one much lower than that of any of these conditions alone). Given the variability in the extent to which disturbances in these dimensions of neurobehavioral function are considered relevant to categorical diagnosis, similar variability is prevalence estimates seems unavoidable. If, however, a dimensional approach to the evaluation and treatment of persons with neurobehavioral disturbances is used then such variability becomes less relevant; the focus of concern would then become identifying the frequency with which such disturbances occur regardless of "diagnosis" and whether such disturbances are functionally relevant.
Age of onset
Schizoaffective disorder appears to have a broad age of onset in adults (del Rio Vega and Ayuso-Gutierrez 1990). Marneros and colleagues (1990) prospectively interviewed and reviewed records of approximately 900 people with either schizophrenia, mood disorders, or schizoaffective disorder (Marneros et al 1990) . Approximately one third of patients with schizoaffective disorder developed the condition between ages 25 and 35, one third developed the condition prior to age 25 (similar to the mean age of onset for schizophrenia in this study) and one third developed the condition after age 35 (simarly to the mean age of onset for bipolar disorder in this study). Angst and Preisig (1995) observed earlier ages of onset among adults with schizoaffective disorder unipolar and bipolar subtypes than among adults with "pure" unipolar and bipolar mood disorders (Angst and Preisig 1995) . Similarly, Dell'Osso and colleagues (1993) observed a younger age of onset among adult subjects with schizoaffective disorder than among subjects whose illness was characterized by either psychotic mania or psychotic mixed mood episodes (Dell'Osso et al 1993) . Although pediatric onset of schizoaffective disorder is uncommon, the age at which this illness fi rst occurs does not appear to differ from that of either pediatric-onset schizophrenia or bipolar disorder (approximately 14 years) (Werry et al 1991) .
The available evidence suggests that the age of onset range for adult schizoaffective disorder spans the age of onset of bipolar disorder and schizophrenia and the median age is between the median age of schizophrenia and bipolar disorder. Such variability would be expected if schizoaffective disorder if is understood as variant of either bipolar disorder or schizophrenia, a co-occurrence of these two conditions, or instead a distinct clinical condition. If schizoaffective disorder represents a co-occurrence of two distinct diagnoses (schizophrenia and a mood disorder), then the age of onset of schizoaffective disorder should be identical to schizophrenia: the fi rst-onset of symptoms meeting diagnostic criteria for schizophrenia should not differ between these conditions. If instead age of onset is a variant of bipolar disorder in which there is persistence of psychotic symptoms between mood episodes, then age of onset of schizoaffective disorder should be similar to that of the mood disorder of which it is a variant (ie, bipolar or major depressive disorder).
That both of these scenarios explain age of onset in approximately one-third of cases each and fails to explain age of onset in the remaining third of cases suggests, at a minimum, that these methods of establishing the onset of schizoaffective disorder is problematic. By contrast, if categorical diagnoses are abandoned in favor of a dimensional approach to identifying functionally signifi cant disturbances in information processing and mood, then the need to even make comparisons between ages of onset across diagnostic categories is unnecessary. Instead, it would suffi ce as a starting point in clinical practice to note that the onset of clinically important disturbances in information processing tends to antedate the onset of functionally signifi cant disturbances in emotional regulation. Regardless of the domain in which neurobehavioral disturbances arise initially, however, vigilance for disturbances in the other is maintained and measures designed to prevent and/or treat disturbances in both domains are undertaken.
Gender
The DSM-IV-TR states without reference that schizoaffective disorder probably occurs more often in women. This is consistent with Marneros and colleagues (1990b) report that two-thirds of persons with schizoaffective disorder are female, an observation echoed by other studies (Angst et al 1980; Marneros et al 1990; Lenz et al 1991) . If clinically signifi cant disturbances in emotional regulation are more common among women, then it should not be surprising that schizoaffective disorder occurs more frequently in women (Cohen 2003) . As in previous sections, it might be more useful if clinicians remained vigilant for clinically signifi cant disturbances in emotional regulation among women with information processing defi cits (ie, psychotic symptoms) in the service of proactively preventing or treating such problems rather than focusing instead on categorical diagnostic reassignment.
Neurobiology of schizoaffective disorder
It is reasonably well accepted that the clinical phenomena used to characterize schizophrenia, mood disorders, and schizoaffective disorder are manifestations of disturbances in multiple domains of neurobiological function. These disturbances are amenable to study using neuropsychological, neuroimaging, electrophysiologic, neurochemical, and genetic investigations. Studies investigating the neurobiology of schizoaffective disorder separate from that of schizophrenia or mood (usually bipolar) disorders are few; instead, most include subjects with schizoaffective disorder among those with either schizophrenia or bipolar disorder. At fi rst glance, the tendency to include persons with schizoaffective disorder in one of these two groups would appear to bespeak some measure of agreement among researchers regarding the diffi culty of clearly distinguishing between persons with schizoaffective disorder and these other conditions on the basis of their neurobiological features. While this remains a possibility, it is also noteworthy that most investigations focus on only one or a few neurobiological disturbances that refl ect a specifi c domain of neurobehavioral function, usually either information processing (manifesting as psychosis or related cognitive impairments) or emotional regulation but not both. In effect, studies investigating the neurobiology of schizoaffective disorder use a dimensional approach to study-group assignment.
With this in mind, the following sections review the neurobiology of schizoaffective disorder as revealed by the inclusion of persons in study groups with dysfunction in information processing, emotional regulation, or both. It will become clear that when information processing, by any method, is the focus of study then persons with schizoaffective disorder are neurobiologically indistinguishable from those developing similar information processing defi cits in any psychiatric diagnostic context (ie, schizophrenia or psychotic mood, and particularly bipolar, disorders). By contrast, when emotional regulation is the focus of study then persons with schizoaffective disorder are indistinguishable neurobiologically from those with mood disorders. Implications of these findings on future investigations Is schizoaffective disorder a distinct clinical condition?
regarding the characterization and treatment of persons with schizoaffective disorder will be summarized after presenting the data supporting this argument.
Neuropsychological testing
Much like schizophrenia, schizoaffective disorder is associated with impairments in frontally-mediated cognition, including working memory, alternating attention, information recall, category generation, abstraction, and motor planning (Table 1 ; Kolakowska et al 1985; Oltmanns et al 1985; Mitrushina et al 1996; Bryson et al 1997; Manschreck et al 1997; Bryson et al 2002; Gooding and Roofeh et al 2006) . In only two studies was it noted that schizoaffective disorder was associated with better neuropsychological performance on such tests than persons with schizophrenia (Goldstein et al 2005; Stip et al 2005) . However, in this fi rst of these studies, the differences were few and suggested only that (Continued) subjects with schizophrenia experienced greater defi cits in posteriorly-mediated (ie, visuospatial) cognitive functions than persons with schizoaffective disorder (Stip et al 2005) . Findings from the second of these studies may offer clarifi cation on this observation: persons with schizoaffective disorder and paranoid schizophrenia were cognitively indistinguishable, but both groups differed cognitively from persons with undifferentiated and residual schizophrenia subtypes (Goldstein et al 2005) . The authors argued that schizophrenia itself is a heterogeneous diagnosis; accordingly, subtyping of schizophrenia groups on the basis of the presence or absence of disturbances in other domains or severities of neurobehavioral dysfunction may result in separation between these clinical subgroups. Collectively, these observations suggest that when information processing (cognition) is the focus of study, persons with schizoaffective disorder are in most regards similar to those with schizophrenia.
Structural neuroimaging (computerized tomography and magnetic resonance imaging)
The neuroimaging literature of schizoaffective disorder is predominated by structural magnetic resonance imaging (MRI) studies, although diffusion tensor imaging, functional MRI, and magnetic resonance spectroscopy are emerging as additional methods of investigation ( In general, these studies have found that schizoaffective disorder is associated with reductions in cerebral volumes, particularly temporal (including medial temporal) and frontal regions, including both gray and white matter. The most consistent areas of abnormality across these studies are the hippocampus and parahippocampal gyri. Subjects with schizoaffective disorder are generally found to be similar to the other diagnostic group in which they are included (ie, schizophrenia or bipolar disorder) and different from healthy comparison subjects; when comparisons are made between schizophrenia and schizoaffective disorder, few differences are evident. These observations echo our earlier suggestion that the focus of the neurobehavioral dimension under study (information processing or emotional regulation) tends to predict both similarities and differences between subjects with schizoaffective disorder, schizophrenia, and mood disorders.
Electrophysiology
Schizoaffective disorder is associated with abnormal eventrelated potentials (P50, N100, N400, CNV, and others), localization of sensory evoked magnetic fi elds, middle ear muscle activity, and eye movements ( Inui and colleagues (1998) published studies which suggest more similarity between schizoaffective disorder and bipolar disorder with psychotic features than with schizophrenia. As with other categories in this review the strength of the literature limits the conclusions we can make regarding the electrophysiological distinction between these conditions. However, these studies do suggest that psychosis (ie, information processing impairment), regardless of categorical psychiatric diagnosis and its expression as persistent or mood-episode-related, is associated with electrophysiologic abnormalities. This observation also argues for a dimensional approach to the study of electrophysiologic indices of information processing abnormalities rather than a categorical diagnostic approach.
Neuroendocrine function
There are only three studies to-date, all of which evaluated differences in growth hormone levels, that evaluate neurohormonal changes in schizoaffective disorder (Table 4 ; Kumar et al 1993; Lieberman et al 1993b; Mokrani et al 2000) . Mokrani and colleagues (2000) studied growth hormone responses to clonidine challenge among subjects with schizoaffective disorder, schizophrenia, and major depressive disorder. They observed similar responses between subjects with schizophrenia and healthy comparison subjects and similar responses between schizoaffective subjects and those with major depressive disorder. By contrast, Kumar and colleagues (1993) and Lieberman and colleagues (1993a) demonstrated similarities in growth hormone response to pharmacologic treatment in patients with psychosis and emotional regulation disturbances regardless of categorical psychiatric diagnosis. Although this literature is not developed suffi ciently to permit fi rm conclusions, it appears that neuroendocrine disturbances are more closely related to dysfunction in either the information processing domain, emotional regulation domain, or both, than to categorical diagnosis. One would predict that other neuroendocrine abnormalities, and particularly those assessing the hypothalamic -pituitary -adrenal axis, might be more closely related to disturbances in emotional regulation than to information processing abnormalities. As reiterated below, focusing future investigations along dimensional lines might facilitate identifi cation of neuroendocrine abnormalities than does a categorical diagnostic approach.
Neurochemical function
Studies of neurotransmitter function that include persons with schizoaffective disorder are few, and consist primarily of observational studies of cerebrospinal fl uid (CSF) or serum neurotransmitter metabolites. In an earlier review, Meltzer and colleagues (1984) reported similar patterns of neurochemical abnormalities among persons with schizophrenia, bipolar disorder, and schizoaffective disorder. In that review, it was reported that CSF norepinephrine, prostaglandin E1, norepinephrine and PGE1 adenyl cyclase and platelet 5HT levels among persons with schizophrenia and schizoaffective disorder are similar, while platelet 5HT profi les are more alike among persons with bipolar disorder and schizoaffective disorder than those with schizophrenia. Subsequent studies of these sorts (Table 5 ; Laruelle et al 1993; Sharma et al 1993 Sharma et al , 1994 Sharma et al , 1995 Sharma et al , 1997 Sharma et al , 1998 Faustman et al 1999) have generally observed no differences between persons with these conditions; instead, neurotransmitter
Is schizoaffective disorder a distinct clinical condition? ERPs -CNV (contingent negative variation)
Pre-and post-imperative phases of the CNV were heterogeneous in character suggesting the possibility of multiple disturbances. When present, the pre-imperative negativity was of lower amplitude and had a delayed return to the baseline with a wider dispersion.
Saccuzzo and Braff 1986
SCZ = 11 SAD = 11 BMD = 11 MDD = 11
ERPs -visual masking paradigm assessing response at 500 msec post-stimulus MDD was different than SAD, BMD and SCZ in some measures of this paradigm.
Inui et al 1998 SCZ = 33 SAD = 12 Mood-incongruent psychotic mood disorder = 12 nonpsychotic mood disorder = 62 SCZF = 12 EEG Increased epileptiform variants in mood-incongruent psychotic mood disorder (33%), SAD (33%), and SCZF (30%), compared with nonpsychotic mood disorder (3.2%) and SCZ (0%). Rate of middle ear muscle activity during REM sleep Middle ear muscle activity was lowest for SAD, than normal patients, than depressed and highest for SCZ patients. (Continued) Abbreviations: SAD, schizoaffective disorder; SCZ, schizophrenia; BMD, bipolar mood disorder; Mood DO, mood disorder; MDD, major depressive disorder; SCZF, schizophreniform; ERP, event-related potential; EEG, electroencephalography; CT, computed tomography; REM, rapid eye movement; MEG, magnetoencephalography; EMG, electromyography.
abnormalities are more strongly associated with symptom severity (and particularly psychosis) as well as outcome measures (ie, length of hospitalization). Again, a dimensional approach to the study of these populations appears to inform more usefully on cerebral neurochemical abnormalities than categorical psychiatric diagnosis.
Genetics
There have been few studies performed with the intent of identifying genetic differences between persons with schizoaffective disorder and other major psychiatric disorders. Instead, most studies have grouped subjects with schizoaffective disorder among those with either schizophrenia or bipolar disorder depending on the dimension of neurobehavioral dysfunction (ie, information processing or emotional regulation) emphasized by the investigators (Table 6 As with other types of neurobiological investigations, these studies have generally failed to distinguish schizoaffective disorder from either schizophrenia or bipolar disorder on the basis of their genetic underpinnings. Hodgkinson and colleagues (2004) report that schizoaffective disorder, has an underrepresentation of a common haplotype from the intron 1/exon 2 region of DISC1 (on chromosome 1q42), as well as overrepresentation of the DISC1 exon 9 missense allele Phe607. The potential importance of this particular abnormality of DISC1 follows from the need to identify a mechanism by which dysfunction in both the information processing and emotional regulation dimensions of neurobehavioral function are produced (Hodgkinson et al 2004; Ishizuka et al 2006; Porteous et al 2006) . DISC1 (an acronym for Disrupted-In-Schizophrenia-1) appears to play a role in neurodevelopment and is preferentially expressed in the forebrain. Posttranslational modifi cation produce multiple isoforms of this protein. DISC1 protein is expressed in multiple intracellular compartments, including the nucleus, centrosome, mitochondria, microtubule fractions, actin cytoskeletal fractions, and postsynaptic densities, Among the possible functions of DISC1, mediation of centrosome-dynein cascade and cyclic adenosine monophosphate (cAMP) signaling have been described. DISC1 also interacts with other proteins that may mediate neurobehavioral function, including Ndel1 and PDE4B. The former regulates neuronal migration via endo-oligopeptidase activity, and the latter is a phosphodiesterase involved in cyclic adenosine monophosphate signaling. PDE4B is of particular interest in that it is linked to both information processing (memory) and emotional regulation.
Abnormalities of DISC1 are regarded as potential genetic risk factors for both schizophrenia and bipolar disorder Is schizoaffective disorder a distinct clinical condition? Serotonin uptake sites were decreased in prefrontal cortex of psychotic subjects who died of natural causes, but not among psychotics who died from suicide, controls, and nonpsychotic suicide victims.
Abbreviations: SAD, schizoaffective disorder; SCZ, schizophrenia; BMD, bipolar mood disorder; HVA, homovanillic acid; 5-HT, serotonin; PGE1, prostaglandin E 1 stimulated adenylate cyclase activity; NE, norepinephrine; GABA, gamma-aminobutyric acid. Is schizoaffective disorder a distinct clinical condition? (Ishizuka et al 2006) . The findings of Hodgkinson and colleagues (2004) suggest the possiblility that particular abnormalities of this gene, or the manner in which its product undergoes posttranslational modifi cation, may produce dysfunction in both information processing and emotional regulation. In some cases, these disturbances may affect information processing more so than emotional regulation (producing the phenotype of schizophrenia with minor mood disturbances), in others the emotional regulation dimension may be more severely affected (bipolar disorder), or severe disturbances in both of these neurobehavioral domains (ie, schizoaffective disorder). It is unlikely that disturbances in DISC1 are the only, or perhaps even the primary, genetic basis for the severe multidimensional neurobehavioral dysfunction observed among persons presently identifi ed with schizoaffective disorder rather than schizophrenia or bipolar disorder. However, such data suggest the possibility that the neurobiological bases of information processing and emotional regulation may have distinct genetic contributions that in some cases may be linked (as by specifi c abnormalities of DISC1) and thereby produce severe problems in both of these neurobehavioral domains. If this thesis is correct, it suggests that the categorical approach to psychiatric diagnosis will ultimately fail as a useful psychiatric nosology and that a dimensional approach, perhaps predicated on the genetics of specifi c neurobehavioral domains, to the study and treatment of persons with neurobehavioral disorders will prove more productive.
Treatment
Although inferential reasoning regarding diagnosis and neurobiology from pharmacologic treatment studies is ill-advised, it is noteworthy that treatment approaches to schizoaffective disorder echo the dimensional approach suggested here. Despite the identifi cation of schizoaffective disorder as a distinct diagnosis in the DSM-based system, there are no treatments specifi c for this condition. Instead, symptom-guided treatment approaches are generally advocated for persons with this conditions. Table 7 (Keck et al 1996; Levinson et al 1999; McElroy et al 1999; Vieta et al 2001; Tohen et al 2001; Bilder et al 2002; Sajatovic et al 2002; Chengappa et al 2003; Harvey et al 2003 Harvey et al , 2004 Marder et al 2003; Baethge et al 2004; Davis and Chen 2004 ) summarizes a sample of treatment studies in which patients with schizoaffective disorder are included; Few of these publications emphasize the treatment of schizoaffective disorder alone, and where this disorder is the focus of study it appears that symptom profi le along dimensional lines (information processing vs emotional regulation vs both), rather than subtype of this diagnosis, determines treatment recommendations.
Conclusion
The challenge of describing schizoaffective disorder within a psychiatric nosology that requires categorical distinctions between diagnostic entities is substantial. Using a categorical diagnostic approach, the data reviewed herein suggests that schizoaffective disorder can be argued with nearly equal merit to be a variant of either schizophrenia or a mood (and particularly bipolar) disorder, a condition in which schizophrenia and a mood disorder are co-morbid, or a unique psychiatric disorder. This conclusion, however unsatisfying, appears to be unavoidable if a categorical approach to psychiatric diagnosis is undertaken. Moreover, the present review suggests that the challenges schizoaffective disorder presents to categorical psychiatric diagnosis are not unique to this condition, but are instead pervasive in psychiatric research and practice. Although most studies begin with the premise that schizophrenia and bipolar disorder are distinct conditions, the observation of minor mood disturbances among persons with the former and often severe psychosis among those with the latter should raise concerns about the certainty of clear diagnostic boundaries between them. The consistent observation of neuroimaging, electrophysiologic, neurochemical, neuroendocrine, genetic, and treatment fi ndings that more effectively follow psychiatric symptoms rather than categorical diagnoses suggests that the former, and not the latter, may be the more useful focus of both psychiatric research and clinical practice. Indeed, the present review suggests that the study, evaluation, and treatment of persons with psychiatric disorder is likely to be most productive when anchored to the dimensions of neurobehavioral dysfunction with which they present. This approach, which derives from the approach used in behavioral neurology and neuropsychiatry, begins with the premise that cognition, emotion, behavior, and sensorimotor function are distinct but interrelated domains of neurobehavioral function (Arciniegas and Kaufer 2006) . Regardless of the clinical condition (eg, stroke, trauma, neurodegenerative disease, idiopathic psychiatric illness) producing disturbances in these neurobehavioral domains, it is posited that their neuroanatomic and neurochemical bases are likely to be similar despite differences in the conditions disturbing brain structure and function. It is further suggested that there may be etiology-specifi c neuroanatomic, neurochemical, neuroendocrine, or genetic features of the however, among agitated patients antipsychotics were more effective than lithium. In a controlled study of the acute treatment of SAD depressive type, combined treatment with antipsychotics and antidepressants was not superior to treatment with antipsychotics alone.
Abbreviations: SAD, schizoaffective disorder; SCZ, schizophrenia; BMD, bipolar mood disorder; MDD, major depressive disorder; PANSS, positive and negative syndrome scale; RDC, research diagnostic criteria condition producing neurobehavioral disturbances that are potential modifi ers of their expression, persistence, and/or treatment-response. While bearing these modifi ers in mind, the study, evaluation, and treatment of persons with neurobehavioral disturbances is then organized according to the dimension(s) of neurobehavioral function in which such disturbances are expressed. It is our assertion that this approach is particularly well-applied to the study, evaluation, and treatment of schizoaffective disorder. This condition refl ects aberrations in the distributed neural networks serving both information processing (ie, perception, information interpretation) and emotional regulation, among other possible dimensions of disordered neurobehavioral function, in persons whose presentations are currently described as 'schizoaffective'. It is conceivable that other factors, including genetic and epigenetic variations and environmental contributors, may infl uence the expression of disturbances in information processing and emotional regulation domains, and that such factors may weigh particularly heavily on one rather than the other. In such circumstances, the presentation would be one that appears to be predominated by either psychotic or mood disturbances rather than by both. Directing the study, evaluation, and treatment at the core disturbances in information processing and/or emotional regulation, regardless of how these disturbances direct assignment of categorical psychiatric disorder, it is likely that a more coherent description of the relevant neurobiology and effective treatments would emerge. By extension, application of this neuropsychiatric approach to other psychiatric disorders may facilitate their study, evaluation, and treatment and also avoid the vagaries entailed by a psychiatric nosology predicated on categorical, and ultimately arbitrary, diagnoses.
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